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H^craaoBOH oT : iaaiax npc*wm.-,eHnocTH in 
KOMiucxcHoro KQHTpo.ik h ynpaajieima. Cyme- 
cm) M3o6peTCHHB 3ateno«»aeTca b onpejtieHHH 
rnmooiM rpasenapa^HHOBwx otvumkchmh no 
HmeHCHBHocTM ne r &mt tciuot* (itojjMmuM- 
eHTy Teiuonepeaas.., TpaHcnopTupycMo* hmd- 
two BHATpcmiefl cTeiree He^Tenpowwa. Ojn 
aroit). Hcnaib3ya Ten.10 H«t»m b *a«iecTBe 

MCTOVHMK3 TCIua. HSMepjUOT rai«wanpaBjieH- 

HHe TeiuioBue hotokh b jbvx TeiuoorBcmamHx 
aimeinax, ycraHoiueHHHx Ha Hapy*Hofi 
noBcpxHocTH HoprcnpoBda b paira-mux e« 
TOixax, H3Mep«Mr TeMneparypw HapvxHoft 
ctchkh HC<pTenpoBoaa 0 Mecrax ycraHOBKH 
TciwooTBoaamMx o^icmchtob, a raK*e tcmhc- 

Pa-Vp> HCtpTH. I H.1. 
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H306pCTCHi;e OTHOCHTCH K HWJrTCXHMHWC 

ckoh h HaJyrera30B0fl OTpaciaM npo.MMnuea- 

HLCTH I! MOXCT 6blTb HCn0LTb3OB3H Xl» 

KOMonexcHoro KOHTpcuia h ynpaajiemfl Tpanc- 
nopTHpoBKofi Hecjyra h nua. 

HasecreH cnoco6 onpeaejieHus 3acopeHuo- 
cth raaonpoBoaa, ocHOBaHHuu Ha H3MepeHifB 
ofibCMa h CKopoc™ nepekamjBaeMoro rasa 
qepe3 KOHrpaiHpyeMHg yqacrox ra3onpoBoaa. 
coraacHO KoropoMy b nepeKawBacMUH ras 
noaaior Tpacaipyfomee BemecrBo (paaHoaxTUB- 

HHH H3OT0n) M KOHTpOJTHpyiOT BDeMa CID 

npoxoxaeHHA KOHTpaiRpycMoro yuacnm. bb- 
Asiosaecca MepmoM creneuR aacopeflHOcnt. 

HeaocraroK R3BtCTKoro cnocooa 3a&,TKwa- 
erca b iom, wto ero pea.iH3aiuia CBajana c 
HapymeHHeM uciocthocth Tpyoonpoaoja. 

Tatone msbcctch cnoco6 onpeauaeHHa 
3acopeHHocra TpyoonpoBoaa, BbncnoMaicaiHA 
nepeMeuieHHC bhvtpr rpyobnpoBOja HcrommKa 
h pery-mpoBaHRe lixiyqeHRs a kohtpojii.hoh 
TOMKe TpyoonpoBcaa. M3bccthmm cnoco6 npea- 
.laraeT ncna-ib30Bamic paaHoaicTHBHoro toioih- 
MOMepa. 

0JH3K0 H3BCCTHNH CROCOO* TdKJKC, K3;C H 

panee paccMOTpeHHuih peaiiuyeTca c Hapyme- 
HHeM uciocTHocTH TpyoonpoBoaa . ho o6eine- 

HHBaeT H3MCpCHM£ C JOCTaTOMHO BMCOKOM 
TOMHOCTblO. 

M3BecreH cnoco6 onpeacieHua toiuihhw 
cioa rpa3enapa4>HHOBfaix ot.io;kchhh b Hecjrre- 
npoBoae nyrcM npuBejcHim b conpitKOCHOBciiHe 
npcaBapHTaibHo HarpeToro Teaa c Tpy6onpoBo- 
jom ii onpcacicHHc rpaaneHTa TCMnepaTyp Ha 
Hap\*HOM noBcpxHocTH Tpy6onpoBoaa. npimt-M 
4>iiKciipyioT ujorepMH 3aaaHHbix iCMncpuryp. 
H3MepsiiOT paccroaHMC Mexay M3orcpMaMii no 
noTOKy h npoTHB noTOJca hc<|)th, a a tcanccTBC 
napaMCTpa, xapaKTcpH3yiomcro rpaaHCHT tcm- 
neparyp, BtmHCiaioT cpcaHee yjcibnoc ,ihhcm- 

HOC npHpaUICHHC NCXU.V Bhl6paHHhlMH 

h 30tc pMa m h » othccchhwc k pa3Hiiuc TeMnepa- 

TVp, HO KOTOpOMV CVa«T O TaiOJIIHC ClOfl 

rpsi3enapa<tmHOBMx ot.ioxchhh Ha xihhom 
VMacTKe Tpyoonpomua. 

M3BecTHbiH cnoco6 pca.m3yeTca 6e3 Hapy- 
UieHMfl UeiOCTHOCTM, ho BecbMa ci ox HUM 
06DJ30M C HCnaib30BaHHCM HMn>MbCHOro HC- 
T0MHHK3 nUTaHHfl H fUlCHOMHUX TCpMOjaTMH- 

kob, npHKpeaieHHhix k HapyxHoft noBcpxHOCTH 
Tpy6onpoBoaa. ToMHOCTb onpejcieHHa ro-iniH- 
Hbi cioa HebbicoxaB. 

Hanoaiee 6.ih3kmm k ii3o6peTeHino no 

TCXHHMCCKOH CVmHOCTH h aoc? iiraeMOMY J$- 

qbeKTy HB.meTca cnoco6 onpeacieHHa miuinHbi 
cioa rpfl2enapa4wH0Bbix ot-ioxchiui b or-ie/ib- 
hux TOMKax Tpy6onpoBoaa, ocHOBaHHHii Ha 
H3MepeHim TcaioBoro noTOKa ot Harperoro 
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TCia. haKaaau.erocfl a k HTaKTe c HapyxHOH 
creHK ii Tpy6onpoBOja, k TpaHcnopnipycMoA 
ue^rru, npimeM crcneub aaipaaHeHjui HetJ>re- 
apoBoaa OTaoxeaHflMH onpeaenajor no hbtch- 
chbhocth Tenaoo6MeH3 (T.e. no oxjiaxjieHmo 
Harperoro resia). 

CyinecTB€HHbiM HeaocrancoM diuxaumero 
anajiora hbuuktcs Heo6xoaHMocTb Hcnon>30Ba- 
HHii cneiufaribHoro Taia c onpeaeieHHHMn 
Teaio4nuRMecxBMH CBOUCTBaMB t narpea ero ao 
onpeaeieHHOR TeMnepaiypu or caecuaabHoro 
Hcro4HHKa T>*aia, HeBO3M0ac»ocTb ofecneieHHa 
^THOflanpasLieHHoro TeaiOBoro noroxa bo 
BHvrpb HexJjTDnpoBooa h otc vtctb hc i!H<t»pMa- 
uhh o TevcnepaTvpe Tpa HcnopTHpy e moh bc(Jith. 

V Ka3a W3H COBOKVnHOCTb HdOCTaTKOB H3- 

bcCTHoro cnocooa hc rapaHTiipyer joctobcd- 
HOCTb nuiyMaeMbix pc3y.ibTaroB. 

3aj.^eH cnorooa as.iaeTca Hcnaib30BaHHe 
Teaia hc4>th, rpaHcnopriipyeMoA no Hetjyre- 
npoeojy, b KaiecTBe McroMHRKa rema xia 
4>npeae.ieHHa miuiimw rpa3enapa(t)MH0bbix or- 
.ioxchhh b yica3aHU0M HdJjrenpOBoae, mto 

HiK-TIOMaeT H€o6xoaitMOCTb npHMCHCHHS CIO*- 

Huy cpe^CTB xia codiioaeHHa rra64.i!>Horo 
P'.KHMa pa6oTbi cneuuajibHoro HcoqHHKa 
niLia u ooecnemisaeT ojHOHanpaB.ienHWH 
ren.ioBOH norox ot •"paHcnopnipyeMofl hoJjth 
b okpyxawiuyio HC({nenpoBoj cpeay. 

3to aocniraerca tcm. mto b cnocooc 
onpeacieHiia mioiHHhi rp :3enapaq>iiH0Bux ot- 
.lOKeHiut b ne<}>TcnpoBoac b xaqecTBC mcto*;- 
HiiKa Teaia xih onpeacieHnsi miatiiHw 
rpa3enapa(t>HHOBbix omoaohmh ncno.ib3ya Ten- 
,io HO(t>Tii. TpaHcnopriipycMOfi no HC(J)TenpoBo- 
J>\ lUMepawT o^HOHanpaarjeHHHc leiutoBwe 
noTOKii b aByx TcanooTBoaauiMX j^CMCHTax, 

VCTaHOB,ieHHbl>. Ha HapyKHOH nOUCpXHOCTH 

HCtJjTenpoBoaa, cBOobjHofi ot h30/i«uhh, b 
pa3.iHMHwx ec roMxax, HaMcpaiOT TCMncpaTypu 
HapyxcHoii ctch/ii. HtttrrcnpoBoaa b Mccrax 
vera hob km TcnnooTBoaauiifx xicmchtob, onpe- 
aciaioT xapaKTcpHayiouiyio TaiuiHHv rp«3cna- 

DaiJ)HHOBiJX OT.IOXCHMH. HHTCHCHBHOCTb 

ncpcaaMH tciuotm <xoa(Jxt)MaHCHT reruionepc- 
aawH) TpaHcnopriipycMOH He<tm>K> HnvrpeifHefi 
ctchkc He4rrenpoBooa. a Taxxe TeMneparypy 
Heijrrn. 

Hi Mi-pxexe npearraB.ieHa 6.iox-cxeMa 
ycTpoiicTBa oia H3McpeHHa TaiatRHbi rpa3ena- 
paQbHHOBbjx OT.ioxeHMii b HtttrrenpoBoac. 

VcTDOHtTBO cojcp^cHT HccJrrenpoBor I, 
TeruiooTBoaainife xieMeHTbi 2 h 3, H3roroB.ieH- 

HLie 113 MaTepifELlOB C paXIHMHbfMH K034X{)H~ 
UHCHTaMII TCXlOnpOBOaHOCTH, TeaiOR3aiaUHK) 

4 xi a noaacpxaHiia b TeaioorBojaiuHx 
3.ievieHTax 2 ii 3 oaHOMepHwx Ten-ioBhix 
noTOKOB, TcpMonapu 5 h 6 xia H3MepeHHa 
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TCMnepTryp HapyxHOH ctchkh HoJrrenpoBona 

J flOfl TOKOOTBOaHUDlMH 3VICMCHT3MH COOTBCT- 

ctbchuo 2 h 3, TepM iiapfai 7 h 8 ana 
npeae^eHHfl TeoiOBbix noroxoB q2 h qa n 
Tenjioo Tto yi ffnufM ajieMeirraM cootbctc^cuho 2 
h 3, BUMHonrr&ibHufl (wox 9 h yxaaaTejib 10, 
npiweM buxohh Tepwcnap coeaHHeioi co 

BXOJ3MH BHMBCJIHTeJIbHOrD &10K3 >, BMXQ3 

Koroporo GOC3HHCH co bxoaom yKa3aT&u ]0. 
rioa no3Miufefi 1! ua qeprexe npeacra&ieH 
croft rp«3enapa4>HHOBoro orroxeuHa. 

yCTpOflCTBO AM H3MepeHH9 TaiUlHHbl 

rp03enapa4)HHOBfau uT.ioxeHHH b H&JxrenpoBO- 
nc pa6oraeT cieayiomHM o6pa30M. 

BatHMHBa kohbckthbhoh Ten;ionepe-ia«iH. 
Tpa HcnopTHpy eMOH HaJJTbw b OKpyxaiomyio 
cpeay, Moxer 6biTb Haiuena b npaxTmecKHx 
pacMeTax qepe3 4»pMy,iy HwoToua; othoch- 
TCibHo TeruionpoBoaamMx jicmchtob 2 a 3 
OHa mojkct HMerb bmj: 


q 2 = «Ct - I s ); 
V aU * V* 


CD 


rue 


42 u eg - aiOTHOcni TeanoBwx noroKOB b 
TertiooTBoanmiix j.icm cm-ax cootbctctbchho 
2 n 3; onpeje-iHioT nyreM peineHns o6paraoH 

3;uaMH TerLlOnpOBOJHOCTH ilth hhhmh H3~ 
BCCTHblMH MCTOUaMM C HCn0.1b30BaHHeM 

pe3\MbTaTOB if3MepeHHB TeMnepaTyp b 3a- 
aaHHux cetCHiisx TeaiooTBoaauiiix a.ieMeH- 
tob 2 h 3: 


T5 n T6 - TeMnepaTypbj Hapyaut h ctchfh 
HCKjrrenpoBCua ] b Mecrax vera hob kh 
TeaiooTBoasiuflx oiicmchtob 2 h 3; no 

BClMMMHe HB pa3JUWHM, T.K. TCIVIOBUC 
nOTOKH Q2 B 43, 0TBQ3HMHC OT He&TCIIpO- 

Boaa, paxunraue bbh^> vaaamBnx KoaqV 
4»nxHeaTOB TeanonpOBoaBOcra MarepiiajioB, 

H3 KOTOpbTX H3r0T0BUieHU TeOTOOTBOMmHe 
3\.ieMSHTM; 

T - TeMnepaTypa Tpa*cnoprnpyeMOH hoJjth; 
c - K03<]xt>auHeuT TeiwoaepeaaHH qepea 
rr>fl3eaap8<hiBOBMe oTjioxeHHs - creHKa 
ue^rrenpOBaaa. 
PenniB chctcmv ypaBBCHHB (!), HaxaauM 
3naqeHBfl HBTepecyioiirax napaMerpoB 


a = 
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T = - 
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flocKaibxy mmcHHa h TcnJionpoBOOHOCTb 
ctchkh HoJrrenpoBoja h3fccthw t craHOBirrcsi 
bo3moxhmm onpeaejieHne tol'iIuhhm cjiob rpa- 
3enapa(t)HHOBbix oT.io^eHim. 
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OOPMYJIA H30BPETEHMSI 


Cnoco6 onpcjcicHMB tciwiihw rpaaenapa- 

(|)HHORbIX 0T.1OXCIIHH R HC^TCnpOBOJC IlVTfM 
npHBCaCHHSi B COnpHKOCHOBCHHC BHCUJHCrO 

iiCTOMHMKa Ttiua <npearapHT<MhHo Harpcrofo 

ICJia) I! H3MCpCHHfl TCn.lOBOTO noToxa OT 
BHCUlHCm HCTOMHMKa TCOia B M«J>TCnpOBOa. 
OntAUHOfOUiUUCM TCM, MTO b KaMCCrBt* HCTOM- 

HHxa Tcruia ncno^o3yioT Tcruio Htt}m(, TpaHc- 
no pTii py c Mofi no HCtJrrcnpoBoay, H3McpniOT 
ojHOHanpaBvicMHue Teaioauc noroxH b aayx 
TciuicoTBoafliuHx ,">.ieMCMTax, vrraHoaicHHbix 


hu fiapYKHoil noBepxHocTH HeQbTenpoBona B 
pa3.inHHhix cc TOHxax. iijMcpaioT TCMncpaiypw 
HapyacHOH ctchkh HetJyrenpoBOiia (P^s H3ai^- 

UHH) B MCCTax yCTBHOBKH TCnjlOOTBOJ«IHHX 

xieMCHTOB, onpeaciHioT xapaxTepHayiouiyfo 
To^uufHy rp«3cnapa(t)HHOBhix ot^okchhh, hh- 

TCHCItBHOCTb nepeaaMH TCn.lOTbl (KOD^HUHCHT 

TeruoncpcaaMM) TpancnopTHpycMOH HC^XTbio 
BHVTpeHHCH ctchkc H«|rrcnpoBoaa, a Taxmc 
TCMncpaTypy Hetjmf. 
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There is a known method of determining the degree of contamination of a gas pipeline 
that is based on measuring the volume and velocity of the gas being pumped through the 
monitored section of the gas line, according to which a tracer substance (radioactive isotope) is 
added to the gas being pumped and the time required for it to pass through the monitored section 
is determined, which is a measure of the degree of contamination. 

A shortcoming of the known method lies in the fact that its implementation involves 
disrupting the integrity of the pipeline. 

There is also a known method of determining the degree of contamination of a pipeline 
that includes placing a source within the pipeline and regulating [sic] the emission at a control 
point of the pipeline. The known source calls for the use of a radioactive thickness measure. 

However, the known method, like the one discussed earlier, involves disrupting the 
integrity of the pipeline, but it does assure measurement with fairly high accuracy. 

There is a known method for determining the thickness of a layer of soil-paraffin deposits 
in an oil pipeline by bringing a preheated body into contact with the pipeline and determining the 
temperature gradient on the outside surface of the pipeline, where isotherms of specified 
temperatures are recorded, the distance between isotherms along and against the flow the oil is 
measured, and the average specific linear increment between the selected isotherms relative to 
the difference of temperatures is calculated, and from this a judgment is made concerning the 
thickness of the layer of soil-paraffin deposits in the given section of the pipeline. 

The known method is implemented without disrupting the integrity of the pipeline, but in 
a very complicated manner using a pulsed source of power and film type thermal sensors affixed 
to the outside surface of the pipeline. The accuracy of determining the thickness of the layer is 
not high. 

Closest to the invention in technical essence and end result is a method of determining 
the thickness of a layer of the soil-paraffin deposits at individual points of a pipeline that is based 
on measuring the thermal flow from a heated body in contact with the outside wall of the 
pipeline to the oil that is being transported, and the degree of contamination of the pipeline by 
deposits is determined from the intensity of heat exchange (i.e., from the cooling of the heated 
body). 

A significant shortcoming of this closest analog is the need to use a special body with 
specific thermophysical properties and to heat it to a specific temperature from a special source 
of gas, the impossibility of assuring a one-way thermal flow into the pipeline, and lack of 
information about the temperature of the oil that is being transmitted. 

This set of shortcomings of the known method does not guarantee the reliability of the 

results. 
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The task of the method of the invention is to use the heat of the oil being transported 
through an oil pipeline as a source of heat for determining the thickness of the soil-paraffin 
deposits in the said pipeline, which eliminates the need to use complicated means to maintain 
stable operation of a special source of gas and assures a one-way thermal flow from the oil being 
transported into the environment surrounding the pipeline. 

In the method of determining soil-paraffin deposits in an oil pipeline the heat of the oil 
being transported through the pipeline is used as a source of heat to determine the thickness of 
the soil-paraffin deposits, the one-way thermal flows are measured at two heat transmitting 
elements mounted at different points on the outside surface of the pipeline, which is free of 
insulation, the temperatures of the outside wall of the pipeline are measured at the sites of the 
heat transmitting elements, the intensity of the transfer of heat (coefficient of heat transfer) being 
transported by the oil to the inside surface of the pipeline, which characterizes the thickness of 
the soil-paraffin deposits, is determined along with the temperature of the oil. 

A block diagram of a device for measuring the thickness of soil-paraffin deposits in an oil 
pipeline is shown in the drawing. 

The device consists of oil pipeline 1, heat transmitting elements 2 and 3, which are made 
of materials with different coefficients of thermal conductivity, thermal insulation 4 to maintain 
one-way thermal flows in the heat transmitting elements 2 and 3, thermocouples 5 and 6 for 
measuring the temperatures of the outside wall of the pipeline 1 under the heat transmitting 
elements 2 and 3, respectively, thermocouples 7 and 8 for determining the thermal flows q 2 and 
q 3 from the heat transmitting elements 2 and 3, respectively, computer 9 and indicator 10, and 
the outputs of the thermocouples are connected to the inputs of the computer 9, the output of 
which is connected to the input of the indicator 10. The layer of soil-paraffin deposits is 
indicated by the number 1 1 in the drawing. 

The device for measuring the thickness of soil-paraffin deposits in an oil pipeline 
operates in the following way. 

The magnitude of the convective heat transfer being transported by the oil into the 
surrounding environment can be found in practical calculations by Newton's formula; relative to 
heat conducting elements 2 and 3 it can have the form: 

q « alt - T j. (13 

where 

q2 and q 3 are the densities of the thermal flows in the heat transmitting elements 2 and 3, 
respectively; they are determined by solving the reverse problem of thermal conductivity or by 
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other known methods using the results of measuring the temperatures in the given cross sections 
of the heat transmitting elements 2 and 3; 

T 5 and T6 are the temperatures of the outside wall of pipeline 1 at the sites of the heat 
transmitting elements 2 and 3; they differ in magnitude, i.e., thermal flows q2 and q3 being given 
off from the pipeline are different because of different coefficients of thermal conductivity of the 
materials from which the heat transmitting elements are made; 

T — temperature of the oil being transported; 

a — coefficient of heat transfer through soil-paraffin deposits and the wall of the pipeline. 
Solving system of equations (1), we find the values of the parameters of interest 


(2) 


(3) 


Since the thickness and thermal conductivity of the wall of the pipeline are known, it 
becomes possible to determine the thickness of the soil-paraffin deposits. 


Sources 

USSR Inventor's Certificate No. 932097, CI. F 17 D 3/00, 1980. 
USSR Inventor's Certificate No. 1536159, CI. F 17 D 3/00, 1988. 
USSR Inventor's Certificate No. 312534, CI. F 17 D 3/00, 1969. 


Claims 

A method of determining the thickness of soil-paraffin deposits in an oil pipeline by 
bringing an external source of heat (preheated body) into contact and measuring the thermal flow 
from the external source of heat into an oil pipeline, which is distinguished by the fact that the 
heat of the oil being transported through the pipeline is used as the source of heat, the one-way 
thermal flows at two heat transmitting elements installed on the outside surface of the pipeline at 
different points are measured, the temperatures of the outside surface of the pipeline (without 
insulation) are measured at the sites of the heat transmitting elements, the intensity of the transfer 
of heat (coefficient of heat transfer) by the transported oil to the inside wall of the pipeline, 
which characterizes the thickness of the soil-paraffin deposits, is determined along with the 
temperature of the oil. 


